ABSTRACT
INTRODUCTION
The "Expansion Planning and Pricing" (EPP) project is aimed at developing a comprehensive methodology and software for demand data cleansing and forecasting, expansion planning and economic use-of-system charging of distribution networks at the EHV level (Fig. 1) . The cleansed historic data are fed into the software for outage and connections planning, while expansion planning makes use of the forecast demands. The expansion planning module can be run in two modes, the first of which is calculation of the network compliance with the UK network planning standards [1] , while the second is finding the required reinforcements and calculation of nodal marginal use-of-system charges [2] . The focus in this paper is put on data cleansing and forecasting. Data cleansing is divided into two stages. The original voltage, MVA, MW and MVAr data-series are processed and filtered in the first stage using several algorithms. Aggregated MVA, MW and MVAr data-series (eg for transformers run in parallel) are processed in the second stage with the aid of three additional algorithms. Load and generation forecasting is then done in two stages, the first of which is generation of annual figures and the second is extrapolation. Annual MW and MVAr figures are generated for winter peak, summer peak and summer minimum regimes and they are forecast using the regression techniques. The base MW and MVAr forecasts and the upper/lower confidence limit forecasts are produced.
Methods for data cleanse and demand forecasting are given first, which is followed by a brief description of the software, illustrative examples and conclusions.
HALF-HOURLY DATA CLEANSE
Half-hourly data series are input from the SCADA database for all "customers" whose power component is in the EHV network model. Identification is based on unique identifiers from the SCADA database and the following types of "customers" are distinguished:
• Grid supply (GSP) transformers (x/132kV).
• 132kV connected loads and generations.
• Bulk supply (BSP) transformers (132/33kV).
• 33kV connected loads and generations.
• Primary transformers (33/11(6.6)kV).
• Generators and some special loads connected to the 11(6.6) kV busbars of primaries.
• Terminals of the 11(6.6)kV feeders interconnecting adjacent primaries and intermediate distribution subs.
Historic data-series of general loads connected at the 11(6.6)kV sides of primaries are usually obtained from the primary transformer data-series. In a relatively small number of cases where there are 11(6.6)kV interconnecting feeders or 11(6.6)kV generation and/or loads, the general load data-series are calculated from the MW and MVAr balance at the corresponding 11(6.6)kV busbar. Each historic data-series can be overridden with user-inputs in case it is considered unreliable. All loads and generations are used within loadflow and short circuit analyses [3] , while BSP and GSP flows are used to calculate coincidence factors for scaling the peak and minimum loads/generations within the development planning (EPP software).
Voltage Data-Series
Voltage data-series are in many aspects simpler to process than MVA/MW/MVAr data-series. A single filtering algorithm is applied and the main steps are as follows: 1. Bad data are non-numeric, duplicate, missing, zero and out-of-range data. Number of half-hours with duplicate data and the voltage permissible range are user-defined. 2. The length of a period with bad data ("critical" period) is divided into six categories and they are then used to find the intervals with replacement data. 3. Replacement of bad voltage data is based on the principle that "similar" voltages are experienced for "similar" loadings. The following tests about t existence of valid current data in the critical period are applied: 1. If there are valid current data, a "similar" period with valid voltages and currents is found so that the total squared current deviation from the current profile in the critical period is minimal. 2. If there are not valid current data, a similar period with valid voltage and current data is found so that it is closest to the considered critical period. 4. Validity of the current and voltage data in the critical and examined periods is assessed using the criteria:
• There are not missing, non-numeric, duplicate, zero or negative data.
• The rate-of-change of half-hourly data is under the user-defined limit value. 5. Actual replacement of bad voltage data is dependent upon the length of the critical period.
MVA, MW and MVAr Time-Series: First Phase
The first phase of the MVA, MW and MVAr data-cleanse consists of three algorithms described below. 
Replacement of Bad MVA, MW and MVAr Data

Line-up of MVA, MW and MVAr Data-Series
Essential assumption used is that MVA and MW data are equally reliable and MVAr data are less reliable. The datacleanse is a two-step procedure where MVA and MW data are compared first and MVAr data are included next: 1. Each MVA and MW entry is compared:
• If the MW entry is greater than MVA entry: One of the two entries is in error and a userdefined parameter is used to decide whether it is MW or MVA. The erroneous data is corrected.
• If the MW entry is smaller than (MVA -reactive allowance), one of the entries is erroneous and the same rules as before are applied.
MW and MVAr entries are compared against MVAs:
• If the calculated MVA and MVA data series are within the tolerance limit, no action is required. Prague, 8-11 June 2009
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• If the calculated MVA entry differs form the corresponding MVA reading by more than the tolerance, the MVAr entry is recalculated so that the calculated MVA is brought within the limit.
MVA, MW and MVAr Time-Series: Second Phase
The second phase of data cleanse is performed on aggregated MVA, MW and MVAr data-series, which is typical for GSP, BSP and primary transformers run in parallel and 11(6.6)kV general type loads. Three algorithms are currently under development. The first deals with permanent network modifications which are found from the historic network models -configurations stored in the database. Elimination of load transfers with the aid of an interactive procedure plays an important role to get the system normal. Finally, whether correction of MVA and MW loads is done by regressing the demands against temperatures and the daylight window.
DEMAND FORECASTING
Demand forecasting module consists of three stages which are briefly presented below.
Generation of Annual Figures
Demand forecasting is done by using annual figures which are generated from the cleansed half-hourly readings: 1. Original half-hourly data-series are normally used to get annual figures for 132kV, 33kV and 11(6.6)kV load and generation customers. However, a user-defined flag can be set to indicate that generators (or loads) should be looked at as an integral entity. 2. Half-hourly data-series of general type loads at the 11(6.6)kV sides of primaries, primary, BSP and GSP power flows are always added up where transformers are run in parallel and the annual figures are derived from the integrated data-series. 3. Three annual figures are extracted from each historic year data-series: winter peak, summer peak and summer minimum. They will be used within the EPP software to study compliance with the planning standards and derive nodal prices. 4. Maximum half-hourly data are sought for in the winter and summer season to get winter and summer peak loads and transformer flows. However, extraction of generation follows rules specified in the planning standards [1] . 5. Concept of interquartile outliers [5] can be applied to reduce variability of consecutive annual figures.
Interquartile range (Q 3 -Q 1 ) of the tail of the frequency distribution is calculated first and the feasible upper or lower limit is set to, respectively, Q 3 + k·(Q 3 -Q 1 ) and Q 1 -k·(Q 3 -Q 1 ), where k is user-defined (typically 1.5). This extreme is then used as the peak or minimum value. 6. The data-series which are considered unreliable or have "strange" profile that cannot be used for forecasting are not processed. User inputs are used instead.
Forecasting Methods
Forecasting of future loads, generations and transformer flows is based on following principles: 1. Either linear, or quadratic, or exponential function is fitted to the historic annual data using the multiple linear regression technique [6] . This is done for each operating regime separately. 2. The best fit is assessed using the standard deviation of the historic data. A more sophisticated approach (such as statistical significance of the polynomial order) will be built in the second phase. 3. Upper and lower confidence intervals are calculated alongside each forecast data-series. In case of highly variable historic annual data, the confidence intervals can be capped. 4. User inputs are used to get forecasts when data-series are missing (eg new authorised generator schemes), or unreliable, or data profiles are inadequate. In the case when there are insufficient historic data, a mix of the historic and user-defined data is used.
Modification of Forecasts
The final steps of demand forecasting include: 1. Where load customers have on-site generation, forecast was obtained by stripping off the generation. It is now necessary to add the generation forecast back. 2. Where new authorized generators/loads exist, forecasts of upstream BSP and GSP power flows need to be modified to account for the downstream changes. 3. User-defined forecast using an interactive facility can be applied to override an existing forecast. This should be done for de-loaded primaries when a new primary is constructed, in case of out-of-range forecasts, etc. 4. A regression function is fitted through each final discrete MW forecast (base and upper/lower limits). Parameters of the functions are used in pricing models.
DEVELOPED SOFTWARE
Basic structure of the developed software is shown in Fig.  2 . SCADA and network data are input into the SQL database held on the central server, more than 600 million half-hourly data are processed and the cleansed data are stored in the SQL database. The annual forecasts are returned to the network database. 
CONCLUSIONS
This paper presents the demand-data cleansing and forecasting modules of the "Expansion Planning and Pricing" project, whose aim is to bring together outage, connections, development planning and pricing. The second stage of data-cleanse in under way and the completion of the project is expected in 2009.
